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I 
I 
Education and Training of 
Analytical Chemists: What is 
Industry Looking for in a B.S. 
For the conscientious teacher, 
curriculum revision is an 
ever-present issue. 
Abstract 
The results of a survey of employers 
of B.S. chemists in the U.S. are pre­
sented. The 74 responses were ana­
lyzed to determine l) what skills 
were important to industrial em­
ployers of B.S. analytical chemists. 
2) how well prepared recent B.S.
hires were in regard to these skills,
and 3) what chemical instruments
students should be familiar with.
The results were validated by com­
parison with studies already pub­
lished concerning the situation in
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Chemist? 
by Julian F. Tyson 
both the U.S. and the U.K. Serious 
deficiencies were identified in the 
preparation of students in terms of 
their problem-solving abilities. 
knowledge of safe working prac­
tices. and communications skills. 
Students were considered well pre­
pared in terms of quantitative labo­
ratory skills, ability to work as team 
members, and knowledge of soft­
ware capabilities. A mismatch be­
tween the contents of the instru­
mental analysis laboratory and 
what industry would like is appar­
ent: Too much electrochemistry 
and not enough spectrometry and 
chromatography are being taught. 
The slow response of academia to 
expressions of concern by industry 
is attributed to constraints im­
posed by the U.S. standard peda­
gogical approach and to the prob­
lems faced by the conscientious 
faculty member in terms of alloca­
tion of time. Some suggestions are 
made for the basis of academia­
industry dialogue and collaboration 
that would accelerate the processes 
of curriculum change that industry 
would like to see. 
For the conscientious teacher, curriculum revi­sion is an ever-present is­
sue. For many teachers in post­
secondary institutions, one of 
the relevant factors to be consid­
ered is the employment destina­
tion of the students. Whether 
such factors have any impact on 
what is taught to students is by 
no means certain, as it is by no 
means certain what the mecha­
nisms and driving forces are for 
curricular revision in the U.S. 
Most university and college 
teachers of B.S. chemists will 
recognize that there are two dis­
tinct destinations for their grad­
uates: further education (an 
M.S. or Ph.D. program) or em­
ployment in the chemical indus­
try. There are. of course, many
other destinations for B.S.
chemists, 1 but the majority are
likely to opt, initially at least for
further study or an industrial
position. Most teachers recog­
nize that there are differences in
the curriculum content that
might be considered the ideal for
each of these tracks. Whereas
teachers are well aware of what
the graduate school route re­
quires, they are less aware of
what industrial employers of
B.S. chemists might be looking
for, and thus the needs of indus­
try may not be in clea;- focus
when curriculum revision is dis-
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cussed within the academy. 
While there have been some 
recent statements concerning 
the education and training of 
students for subsequent em­
ployment in industry (see, for 
example, Ref. 2 and references 
therein), it is difficult to know 1) 
to what extent the views of the 
authors of one article are repre­
sentative of industry as a whole 
and 2) to what extent the criti­
cisms are leveled at Ph.D. grad­
uates as opposed to B.S. gradu­
ates. There does not appear to 
be effective communication be­
tween universities and colleges, 
and industry, at the level 
needed to make individual fac­
ulty members aware of the 
needs of  industrial employers. 
Such contacts as there are be­
tween the two cultures may well 
be confined to research collabo­
rations, or the more rarefied 
atmospheres of Dean's or Pro­
vost's Advisory Boards. Contacts 
may be limited to relatively short 
visits by industrial personnel, 
during which there is limited 
time for general discussions re­
garding curriculum content 
when the main agenda item may 
be a seminar presentation or the 
discussion of research progress. 
This paper presents and dis­
cusses the results of attempts 
by the author to clarify how 
U.S. industry views the prepa­
ration of B.S. chemistry gradu­
ates for employment as analyti­
cal chemists. 
Experimental 
The views of employers of 
B.S. analytical chemists were 
sought by means of a question­
naire survey. This was per­
formed in two stages. In stage 
one, carried out in July 1993, 
130 questionnaires were sent to 
analytical chemistry Ph.D. 
alumni of the University of Mas­
sachusetts, Amherst, currently 
working in industrial positions. 
In stage two, the questionnaire 
was distributed to members of 
the Analytical Laboratory Man-
ager's Association (ALMA), via 
the Association's newsletter, in 
February 1996. The question­
naire is reproduced in Appendix 
I, from which it can be seen that 
respondents were asked for 
three categories of information. 
The first of these concerned the 
relative importance of 14 skills 
that B.S. analytical chemists 
might have acquired during 
their period of education and 
training. The second concerned 
how well prepared employers 
found recent B.S. hires in terms 
of these skills on a scale of "in­
adequate, adequate, superior" 
There does not appear to be 
ef ective communication 
between universities and 
colleges, and industry, at the 
level needed to make 
individual faculty members 
aware of the needs of 
industrial employers. 
with some internal validation 
built into the survey by also al­
lowing a response of "unneces­
sary." The third category of 
information concerned the in­
strumental techniques with 
which students should have 
some familiarity. The familiarity 
would arise from use of these in­
struments in an instrumental 
analysis laboratory class. 
The questionnaires were ana­
lyzed by a simple numerical 
scoring system. For the ranking 
of the skills, a number was as­
signed to each skill according to 
the ranking order in the partic­
ular questionnaire. The totals 
for each skill were computed. 
For the other categories of infor­
mation, the numbers of re­
sponses were totaled. In some 
cases, a ratio of a particular re­
sponse to the total number of 
responses was calculated. 
Results 
Seventy-four questionnaires 
were returned; 48 were from the 
UMass alumni and 26 were 
from ALMA members. In terms 
of the skills that B.S. chemists 
should have, the results could 
be broken down into the four 
categories shown in Table I.
A degree of subjectivity has 
been introduced by labeling the 
categories as "most important," 
"very important," "important," 
and "not necessary." The classi­
fication of "not necessary" was 
validated from the responses to 
the questions concerning the 
degree of preparedness of B.S. 
graduates. It might also have 
been possible to include in this 
"not necessary" category skills 
related to information retrieval, 
software capabilities, and the 
analytical chemistry literature. 
In terms of how well respon­
dents thought B.S. chemists 
had been prepared, the ratio of 
the numbers of "unsatisfacto­
ries" to the total number of re­
sponses for a particular skill 
was computed. Those skills for 
which this ratio exceeded 0.30 
are listed in Table II in the same 
categories as were identified in 
Table I. 
The skills that received the 
highest inadequacy rating were 
as follows: knowledge of safe 
working practices, knowledge of 
appropriate statistical proce­
dures, understanding the scope 
and limitations of instruments, 
and ability to communicate in 
writing. In addition, respon­
dents indicated that students' 
skills in the areas of time man­
agement, knowledge of sample 
preparation procedures, and 
automation of analytical meth­
ods were inadequate. On the 
other hand, the inadequacy ra­
tio for the ability to work as a 
team member was 0.14; for 
quantitative laboratory skills 
(use of calibrated glassware, 
etc.) it was 0.17, and for knowl­
edge of software capabilities it 
was 0.25. These three skills 
\l 
1 
Table I 
Ranking order of 14 skills based on 74 responses to questionnaire 
Category 1: Most important Category 2: Very important 
Work as a team member Safe working practices 
Solve problems Operate some instruments 
Communicate orally Understanding principles of instruments 
Knowledge of scope and limitations 
Category 3: Important 
Knowledge of statistical procedures 
Awareness of analytical chemistry 
literature 
Awareness of software capabilities 
Information retrieval 
of instruments 
Write reports 
Category 4: Not necessary 
Program in a high-level language 
Use mainframes 
Table II 
Skills in which recent graduates were considered inadequate 
Category 1: Most important Category 2: Very important 
Solve problems Safe working practices 
Communicate orally Understanding principles of instruments 
Knowledge of scope and limitations of instruments 
Written communications 
Category 3: Important 
Knowledge of statistical procedures 
Information retrieval 
Table Ill 
Instruments with which students 
should have operating experience 
Group 1 
UV-VIS absorption spectrometer, poten­
tiometer (pH measurement), gas chromato­
graph, high-performance liquid chromato­
graph, infrared absorption spectrometer, 
atomic absorption spectrometer, autotitrator 
Group2 
Mass spectrometer, thermal analyzer, elec­
trochemical analyzer, optical microscope, 
atomic emission spectrometer, CHN ana­
lyzer 
Group3 
Nuclear magnetic resonance spectrometer, 
molecular fluorescence spectrometer 
also received a significant num­
ber of "superior" ratings (the 
corresponding ratios being 0.08, 
0 .11, and O. 14, respectively). 
The results of responses to 
the question concerning which 
instrumental techniques 8-S. 
Table IV 
Comments by respondents 
"There are problems with the ability to read 
and understand technical manuals." 
"It is far more important that chemists under­
stand a reaction or measurement and how 
to make that meaningful than it is for them to 
know programming or software." 
"Graduating chemists should be able to per­
form routine laboratory operations in a safe 
and knowledgeable manner." 
"Of prime importance is a basic knowledge 
of chemistry and the ability to apply it to in­
dustrial chemicals. Most B.S. chemists we 
have hired had difficulty relating classroom 
chemistry to daily industrial chemistry." 
"All graduates should get involved in co-op 
positions. Profs. should get involved in in­
dustry. Colleges are too isolated from real­
ity." 
"The most important characteristic of a 
graduate chemist is a love of chemistry." 
chemists should have some di­
rect experience with are sum­
marized in Table III. The tech­
niques are broadly grouped into 
three categories, which might 
be classified as "absolutely nec­
essary," "highly desirable," and 
"not necessary," based on the 
numerical scores that each re­
ceived. 
Several respondents offered 
some additional comments. 
These are summarized in Table 
IV. Respondents also indicated
Respondents indicated that 
students' skills in the areas 
of time management, 
knowledge of sample 
preparation procedures, and 
automation of analytical 
methods were inadequate. 
that nearly all employers pro­
vided training for newly hired 
B.S. graduates and all employ­
ers offered continuing educa­
tion opportunities. 
Validation of results 
There is a possible problem 
with the methodology used to 
gather information for this study 
{and others like it): Question­
naires may only be returned by 
those who have adverse criti­
cisms to make, and therefore the 
views expressed by the respon­
dents may not be representative 
of employers of B.S. chemists as 
a whole. By analogy with the val­
idation of an analytical chem­
istry method, one procedure 
that can be invoked is the exam­
ination of the results of other 
procedures (assuming these to 
be valid). There are several other 
sources of information that can 
be examined to see how the re­
sults compare. 
TableV 
Qualities U.K. employers seek in 
graduate analytical chemists 
1. Professional
Problem-solving abilities
Ability to think logically scientifically and critically
Knowledge of basic chemistry
Appreciation and understanding of quality assurance
Ability to work independently and in a team
Understanding of the meaning of the result
Good manual dexterity
Data handlingicomputer skills
2. Personal
Well organized, methodical. flexible. able to follow instructions, question what he/she is 
doing, shows initiative. good presentational skills, pays attention to details
Figure 1 • The 13 techmques that appeared 
most frequently rn the laboratory portion of 
instrumental laboratory courses. • The 
same techniques scaled according to the re­
quirements of industrial employees. 
In 1992, the comments made 
by some of the members of the 
Industrial Advisory Board of the 
Chemistry Department of the 
University of Missouri-St. 
Louis. when asked "for input 
concerning the preferred content 
of analytical chemistry courses," 
were published.3 The responses 
from the Advisory Board Mem­
bers indicated that they did not 
expect B.S. chemistry majors to 
have been "trained" to operate 
the instruments in industrial 
laboratories. Instead, they 
looked for students with various 
basic skills and preferred that 
students were helped to do the 
following: develop good quantita­
tive work habits, master report 
writing, understand analysis as­
sessment, grasp the principles 
 
of the techniques, and acquire 
some experience with the more 
modern methods. These skills 
may readily be identified and 
matched with the skills listed in 
Table I. 
The instrumental techniques 
that were specifically mentioned 
were HPLC. GC. and IR and UV­
VIS spectrophotometry. These 
techniques are all group 1 tech­
niques in Table III. 
The corresponding situation 
in the U.K. was recently summa­
rized by Fleming and Sargent,+ 
and it appears that the situation 
there is far from satisfactory. 5· 6 
The results q_f these surveys 
show that some cumculum 
revision is in orcler. 
In reporting the results of an ex­
tensive survey of employers of 
analytical chemists in U. K. in -
dustry, "about 50% of those 
questioned were critical of the 
quality of education provided by 
full-time broad-based chemistry 
degree courses" and the authors 
concluded that "it seems to us 
that the education provided by 
the majority of U.K. chemistry 
departments is heavily biased 
toward the relatively small mi­
nority of students who will be­
come research chemists." It is 
important to note that the sur­
vey did not simply rely on the re­
turns of a questionnaire survey 
(60 returns out of 200 sent out). 
but also involved in-depth inter­
views with a variety of personnel 
at up to five different levels of se­
niority from 14 large employers 
of analytical chemists. The qual­
ities that U.K. employers of B.S. 
chemists are seeking are sum­
marized in Table V and, once 
again. these may be readily cor­
related with those in Table I and 
with the statements made by the 
members of the Industrial Advi­
sory Board of the University of 
Missouri-St. Louis. 
There would appear to be 
good agreement among all three 
sources with regard to the qual­
ities and skills that employers 
of B.S. chemists are looking for. 
There is good agreement in 
terms of statements concerning 
instrumental techniques that 
,graduates should be familiar 
with. There is. therefore. a 
sound basis for believing that 
the level of dissatisfaction ex­
pressed by the respondents of 
the surveys in both the U.S. 
and the U. K. is representative of 
the feelings of all employers. 
Instm.mental topics 
There is one further compari­
son that can be made between 
what industry is asking for and 
what institutions of higher edu­
cation are providing, and that 
relates to the topics covered in 
the instrumental laboratorv 
class. Harris and O'Brien:1 sur­
veyed a number of chemistry 
departments concerning thE' 
content of their instrumental 
analysis courses (70 question­
naires were sent out of which 
32 were returned). The results 
are shown in Figure 1. Also 
shown in Figure 1 are the rela­
tive rankings of the various 
techniques listed in Table III. 
scaled so that UV-VIS spec­
trophotometry. the technique 
with the highest ranking. has a 
score of 45.-It may be seen from 
a comparison of the lengths of 
the bars that students are ex­
posed to too much electrochem­
istry and not enough spectrom­
etry and chromatography. 
Discussion 
Clearly. the results of these 
surveys show that some cur­
riculum revision is in order if 
the needs and wishes of em­
ployers of B.S. chemists are to 
be taken into consideration. 
Some of the deficiencies may be 
considered inherent in the cur­
riculum as a whole, not just 
within the confines of analytical 
chemistry. Thus, topics such as 
problem-solving, oral and writ­
ten communications skills. and 
knowledge of safe working prac­
tices should be addressed bv all 
faculty who teach chemistry 
students. Maybe chemistry de­
partments should be looking for 
some help from departments 
that have specific expertise in. 
for example. the teaching of 
logic, and of communications 
skills. It is interesting to note 
that the skills considered most 
important by industrial employ­
ers (and the ones for which stu­
dent preparation was identified 
as being the poorest) are skills 
that might also be considered 
relevant in the preparation of 
students for graduate study. It 
might be concluded that the de­
velopment of these skills is ne­
glected because the curriculum 
is filled with other material di­
rectly related to the acquisition 
of knowledge of chemical facts 
and theories. 
However. it is clear that some 
of the deficiencies in the prepa­
ration of students for employ­
ment as analytical chemists are 
to be laid at the door of the ana­
lytical chemistry courses in the 
undergraduate program. From 
the information gathered in the 
UMass survey, it appears that 
these deficiencies are related to 
instn1mental methods, statisti­
cal evaluation of data. sample 
preparation. and automation. 
The main deficiencies identified 
related to students' awareness 
of the performance of chemical 
instrumentation. Institutes of 
higher education should exam­
ine how this material is taught. 
The information in Figure 1 can 
be taken as a starting point in 
terms of course content. 
Part of the difficulty of cur­
riculum reform in the U.S. 
higher education system is the 
overreliance on the "one-course-
The responses from rhe 
Advisory Board Members 
indicated that they did not 
expect B.S. chemistry mcyors 
to have been "trained'' to 
operate the instmments in 
industrial laboratories. 
per-semester-taught-by-one­
faculty-member-using-a-stan -
dard-text" format. This format 
has a number of positive fea­
tures (it allows prolonged con­
tact between the instructor and 
the students. permits innovative 
teaching methods to be used. and 
allows for flexibility in the course 
content), but it also has disad­
vantages. In reality. the course 
syllabus is often dictated entirely 
by the course teAi. Texibooks are 
not written by research-active 
academics in collaboration with 
industrial analytical chemists. 
and so the contents do not reflect 
the current practice of analytical 
chemistry. Since the early devel­
opment of analytical chemistry 
within higher education in the 
U.S. was perpetrated by electro­
chemists, 7 and since there is a 
considerable amount of inertia 
associated with textbook con­
tents. electrochemist1y now occu­
pies a greater proportion of the 
analytical chemistry syllabus 
than it should. The amount of 
time allocated to instrumental 
topics may be inappropriate if 
"instrumental analysis"' is a 
one-semester course following a 
one-semester course of "quanti­
tative analysis." It might be 
more appropriate to split the 
time devoted to analytical chem­
istry topics to one-third "quant" 
and two-thirds "instrumental." 
A further problem is that 
there are very few texts devoted 
to laboratory activities. In a typ­
ical course with a laboratory 
component, the students spend 
the majority of time in the lab. 
Unfortunately, this can be a 
\·ery impoverished educational 
experience if the students are 
simply following detailed writ­
ten instructions. There are 
some excellent suggestions for 
alternative ways of using the 
laboratory experience, 8 but the 
implementation of these can re­
quire an enormous amount of 
faculty time and effort. 
Many faculty. especially 
those in Ph.D.-granting institu­
tions. face the dilemma of the 
conscientious academic. As de­
partments downsize. budgets 
are cut, and the pressure to se­
cure external funding (for both 
research and teaching) in­
creases. faculty are faced with 
some difficult decisions about 
how to allocate their time be­
tween their various teaching. 
research, administrative. and 
service commitments. As the 
numbers of faculty decrease. 
departments are likely to be 
less comfortable with the model 
that allows some faculty to be 
oriented primarily toward 
teaching than they were previ­
ously. One long-standing fea­
ture of the U.S. higher educa­
tion system that mitigates the 
investment of faculty time in 
curriculum reform is the nine-
I 
.J 
 month contract. The obvious 
time for faculty to devote to re­
vising teaching material is the 
summer period of June-August. 
However, since many faculty 
members are not paid by their 
institution for this period, there 
is an understandable reluctance 
on the part of research-active 
faculty to do anything other 
than research-related activities 
during this period. 
The role of industry 
Although there is the possi­
bility of bringing some pressure 
to bear on institutions to con­
sider what is taught in chem­
istry courses via validation by 
the American Chemical Society, 
the lines of communication are 
likely to be so stretched as to 
make a dialogue through this 
route largely ineffective. This is 
not quite the case in the U.K., 
where at least part of the prob­
lem resides with the fact that 1) 
few universities teach analytical 
chemistry as a coherent topic 
within the chemistry curricu­
lum and 2) many chemistry de­
partments do not have any fac­
ulty members who would 
consider themselves analytical 
chemists. There is thus the pos­
sibility that the Royal Society of 
Chemistry, which validates all 
U.K. degrees for the professional 
qualification of Graduate of the 
Royal Society of Chemistry, 
could insist on a certain amount 
of analytical chemistry in the 
undergraduate curriculum. 
For the U.S., the most fruitful 
approach is to initiate dialogue 
at the institutional level. The 
following suggestions, broadly 
in line with those of Fleming 
and Sargent.4 are made. Indus­
try should look for ways to di­
rectly influence the educational 
experience of students as it re­
lates to analytical chemistry. 
This can be done by making co­
op and intern positions avail­
able on a regular basis. Indus­
try should be prepared to sell 
the idea of the benefits of these 
 
directly to students by visiting 
departments and giving semi­
nars (or contributing to teach­
ing) and talking to students and 
faculty. Industry should con­
sider donating surplus equip­
ment for use in laboratory 
courses and/ or undergraduate 
research experiences. Sugges­
tions for ideas for these re­
search experiences or indepen­
dent studies should be made, 
together with offers to support 
projects of interest with a few 
hundred dollars to cover sup­
plies. Other links with analyti­
cal chemistry faculty, such as 
offering a few thousand dollars 
on a regular basis to support 
relevant research by graduate 
students, should be considered. 
It is amazing how far $5000-
$10,000 a year can go (it covers 
the summer research assis­
tantship for a graduate student, 
supplies, small items of equip­
ment, conference travel for the 
student, visits to and telephone 
calls with industrial collabora­
tors, photocopying expenses, 
and so on). The institution will 
support the student and the 
project with a teaching assis­
tantship for the student and 
salary for the faculty member 
(whom industry gets as a free 
consultant on the project). 
If 20 companies agreed to 
support analytical chemistry at 
an institution (for example, at 
the University of Massachu­
setts at Amherst) at a rate of 
$10,000 per year with regular 
co-op and intern positions for 
undergraduates (and gradu­
ates). they would have a major 
impact on all the activities re­
lating to analytical chemistry 
teaching and research in that 
institution's chemistry depart­
ment. 
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Appendix I 
Questionnaire sent to UMass analytical Ph.D. alumni and ALMA members 
Name of Company: 
Name of person completing questionnaire: 
Position within organization: 
1. Does your company hire graduates with a B.S. in Chemistry? Yes No 
(If the answer to this is no, but your company does hire M.S. or Ph.D. graduates, it would be of interest to hear 
your comments concerning these, so please complete the remainder of the questionnaire.) 
For questions 2-3 please use the key given and circle your response: I: inadequate; A: 
adequate; S: superior; U: an unnecessary skill. Add any comments you reel may be relevant 
to this topic. 
2. Do undergraduate courses in chemistry provide students with the requisite skills jn the following areas;
A. Report writing i.e. is a recent B.S. capable of producing grammatically correct, coherent and succinct prose in an
appropriate style? I A S U 
B. Oral communication. I A S U 
C. Time management. I A S U 
D. Interpersonal skills i.e. the ability to work as part of a team, the ability to interact with a diverse group of
individuals. I A S U 
E. Knowledge of how to perform efficient literature searches, such as the use of chemical abstracts (both on-line
and in a library). I A S U 
F .  Knowledge of the laboratory safety procedures particularly with regard to 
- the proper handling of hazardous chemicals I A s u 
- the proper disposal of chemical waste I A s u 
G. A knowledge of the common software to manipulate, evaluate and display data. I A s u 
H. The use of molecular modelling programs and other simulations. I A s u 
I. The ability to do simple programming in Basic, Fortran, C etc. I A s u 
]. The ability use V AXNMS or UNIX operating systems. I A s u \:; ,  1t�-
tff 
I " I : .I::
K. The ability to solve problems.
3. The Instrumental Analysis laboratory:
I A S U 
I. Would you expect a BS graduate to be able to use (with the aid of the operating manual) any of the following
instruments? If so, please indicate which.
NMR y N atomic emission y N
GC y N pH or pion y N
HPLC (incl. ion chrom.) y N other electrochemical analysis y N
IR y N automatic titration y N
MS y N CHN analysis y N
AAS y N thennal analysis y N
UVNis abs y N optical microscopy y N
molec. fluorescence y N 
Please elaborate:-
B. What is the level of understanding of the principles of operation of the various instruments. I A S U
C. How knowledgeable are the recently hired graduates with regards to the scope and the limitations of the various
common chemical instruments (such as those listed above)? I A S U 
D. How knowledgeable are the recently hired graduates with regards to sample preparation and pretreatment
procedures? I A S U 
E. How knowledgeable are the recently hired graduates with regards to statistical procedures to evaluate the quality
of quantitative data? I A S U 
F. How knowledgeable are the recently hired graduates with regards to the automation of chemical procedures?
I A S U 
G. How would you rate the competence of new graduates to use pipets, burets, pH meters, analytical balances,
perform dilutions, make standards, (i.e. the skills they might have acquired from an earlier quantitative analysis
oourse) I A S  U 
4. Training
A. Does your oompany provide initial training for new BS graduates?
If Y, please elaborate.
y N 
I 
I 
l 
f 
I 
B. Does your company provide opportunities for continuing education (e.g. enrollment in graduate classes,
workshops, short courses, conference attendance etc) to supplement the undergraduate knowledge? Y N
If Y, please elaborate.
s. Relative Imwrtance of Skills
It is important for university educators to get some kind of picture of the relative importance of the various skills 
outlined earlier in this document. Please place the following in order of importance with regard to the abilities of a 
graduating BS chemist 
ability to write reports in appropriate format 
ability to communicate orally 
ability to work as a team member (interpersonal skills) 
knowledge of safe working practices 
knowledge of software capabilities 
ability to program in some modem high level language 
ability to use main frame computers 
ability to operate some standard laboratory instruments 
appreciation of scope and limitations of modem instrumental techniques 
understanding of the principles of operation of chemical instruments 
ability to apply appropriate statistical procedures to evaluate quantitative data 
ability to solve problems 
ability to use information retrieval facilities 
awareness of the analytical chemistry literature 
other: please define and rank 
Comments:-
Any further comments on topics not covered by the above questions? 
Many thanks for taking the time and trouble to complete this questionnaire. 
'i 
I 
! 
